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Abstract: Seedling emergence require quantitative information concerning the interaction of seebed environment and
preemergent seedling growth. The objective of this study was to predict the time of emergence of wheat by using
mathematical models based on temperature and other indices. Wheat was planted at Malakandher Farm, Agricultural
University Peshavvar on six dates from 15th October to 30th December 1997 with 15 days interval. Days to emergence
and rate of emergence and various indices were computed using the weather data. Coefficient of variation with low

value vvas used as a criteria for predicting the seedling emergence.

It was found that the product of mean temperature

and photoperiod most accurately predict the seedling emergence of wheat compared with other indices as it has the
lowwvest value among the six planting dates. Results show that this model is a useful tool for investigating the effect of

temperature and other indices on seedling emergence.
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Introduction

Seed germination which is the protrusion of radicle from testa
of the seed and development of the seedlings to a stage where
all the essential structures indicate their ability to form a
satisfactory crop under field condition (Bekendam, 1982).
This germination is a complicated metabelic event influenced
by arange of environmental factors including temperature( soil
and air}, matric potential and photoperiod {VWeaich ef al. 19986,
and Collis-George, 1987]. Among these environmental factors
temperature is playing a major role in germination and there an
optimum temperature limit for different species (Kevseroglu
and Caliskan, 1995). Optimum temperature is the one at
which maximum germination occur in the shortest possible
time (Sagsoz, 1990). Generally optimum temperature are
preferred for germination and plant growth. It will be useful to
know about the maximum, minimum, and optimum
temperature required for the growth and development
{(Kevseroglu, 1997].

Soil temperature is another factor affecting plant growth,
development and germination particularly the rate of
emergence. The rate of emergence which is the function of
temperature, the diurnal variation in temperature, photoperiod
is directly dependent on soil temperature.

For modeling growth and development of wheat, it is
necessary to predict when the seedling will emerge and will
become autotrophic. Several studies have been conducted in
the field to examine seedling emergence of various crop. Sethi
ef al. (1985}, Sethi and Aggarvval {1986) and Lindstrom ef af.
(1976} studied wheat, Weaich ef al. (1996), Bhatti (1995) and
Dwvyer ef al. {1990} studied corn, Kevseroglu ef al. (2000)
studied sunflower and soybean, Brar et al. {1992}, and Prostko
ef al. (1998) studied sorghum, and Huidobro et al. {1982)
studied pearl millet.

Gilmore and Rogers (1958} reported positive relationship of
heat units, growing degree day, and thermal units with growth
and development. Emergence rate depend upon temperature
and heat units which can be used to predict emergence (Shah
et al.,, 1995).

Very little published data on weather based mathematical
maodelling for wheat emergence is available particularly in
Peshawar where variation in temperature, photoperiod and
seasonal temperature variations are more than other wheat
growving areas. The objective of the present study was to
examine the seedling emergence of wheat using weather
parameters to predict accurately the seedling emergence.
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Materials and Methods

An experiment was conducted at Malakandher Farm, NWFP
Agricultural University to study response of wheat to planting
dates. The experimental site is located at 34° N latitude, 71.3°
E longitude and an altitude of 450 meter above sea level
having a continental type of climate. Three varieties i.e.
Ingilab- 91, Bakhtawar-92 and BNS were sown on six dates
i.e. 1b6th October, 30th October, 15th MNowvember, 30th
November, 15th December and 30th December 1997. The
experiment was conducted according to Randomized Complete
Block Design with split plot arrangement, replicated three
times. Planting dates wvere allotted to main plots while
varieties vvere maintained in subplots. A subplot size of
3x1.8m having six rows, 3m long, 30cm apart was used.
Seed was sown in rows using a seed rate of 100 kg ha' on
well prepared seed bed with a single row hand drill. A basic
dose of 135-65-0 kg NPK ha' in the form of DAP and urea
wvas applied. Uniform hand vweeding and irrigation vwere done
when needed.

Days to emergence data was recorded by counting the
number of days from sowing until 80% of the plants emerged
in each subplot. Days to emergence averaged over three
wheat varieties vvere calculated from the data recerded on
three replications. Since there vvere no significant differences
in replications of each planting date, data from all replications
vvas averaged. Days to emergence was considered as the
emergence time. Rate of emergence vvas calculated as the
reciprocal of days to emergence. Daily meteorological
observations were recorded at weather station located at the
experimental site and were used to calculate various heat
indices.

The following data for each day of the months of October
1997 to January 1998 was used in this study. Days of the
months were considered as days of the wheat growing
season, 1997-98 starting from October 10 as day 1 of the
season and continued till January 1998.

Temperature maximum [Tx) in °C
Temperature minimum {Tn} in °C
Temperature soil (Ts) in °C

Wheat Growing Degree days (WGDD) in °C

Photoperiod (PP} was calculated according to Charles-Edwards
{198 2) using following formula:

h =436x 10" + hp sin[2 (t + Z)/366]
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wwhere h is the seasonal wariation in daylength, hg is the
seasonal amplitude of the wvariation in daylength, 2 is the
number of days the auturmn equinox followw January 1standt
is the time wariable

The followwing calculations wwere done using the weather data
for each day of wheat growing season using Lotus 123
program:

Temperature average (Ta) = (Tx+Tnli2 in °C

Growing degree days for winter season crops [GDDC) with a
base temperature of 4.4 °C [(Tx + Tn/2] -Tb in °C.

where Th = 4.4°C, the negative wvalues wwere considered as O
GDD for the day.

Myctoperiod or night length = (NP} = 24 - PP in °C. hour

Tx . PPin°C. hour Tn . PP in °C. hour

Ts . PP in°C. hour Ta . PPin®C. hour

Ta .PP.PPin°C. hour? Ta . Ta. PP.in (°C12. hour
Tx . Trn.in (°C)2 Thn > 3in°C

Tx + Tn = 3in°C Tx . Tx = 3in"C

Tx . Txin(°C)? 2Tx + Trnin °C

(Tx . PPITn . NP in (°C)% . hour?

For the six planting dates cumulative walues for days to
emergence vvere calculated using the followving formula:
Cxi(dp-del = SZjp (Xijl

wwhere C stands for cumulative walue

¥ = any weeather parameter individually, or combination of the
parameters

Z = summation , i = planting date starting from date one to

date six. | = any day of the emergence period from planting
to

emergence, dp = planting day, de = emergence day

Mean (M), wariance [War), standard dewviation (SD) and

coefficients of wariation (CWV) weere caloulated for the six
planting dates.

h = Z¥x/n

War = [Z2¢ - (Z X2 inlin-1]
S0 = square root of variance
Cw o= (5DMean) « 100

In order to predict emergence more accurately, the coefficient
of wariation wwas used as criteria for selecting  the
mathematical madel, the one with lowe CWwwas considered to
predict emergence with more precision.

Results and Discussion

Data regarding days to emergence is presented in Table 1.
Wwheat planted on 15th October took B .44 days to emergence.
Days to emergence increased with delay in sowing and crop
planted on 30th December toock maximum days to emergence
[12.2]. A significant linear relationship wwas observed when
days to emergence was regressed on planting dates. October
15 wwas considered as first planting day of the season.
Thereafter, planting on any other day was considered as late
planting. Days to seedling emergence wwas increased by 0,139
dawy wvith each 1 day delay in planting from 15Bth October to
30th December (Fig. 1). This delay in emergence for late
planting dates may be due to decrease in air and soll
temperature during crop grovving sesson (Fig. 2) and mean
temperature on that particular date (Fig. 31, Germination of
seed starts with imbibition of water and metabolism of the
stored food within the seed. This process of imbibition of
wwater and metabelism of stored food is temperature
dependent

426

Rel. H (%)

F.
o
g 15 -~
c
£
8wl
5 K Y= 8.508 4+ 0.139x
a A= 0.961
0 N = =
Oct. 15 Oct. 30 . 13 Nov. 30 Dec. 15 Dec. 30
Planting Date
Fig. 1:  Relationship betwween emergence and planting dates
of wheat
" 106
44 it x
T > I 90
4 4 e
— 3B At o R B0
| f Y, o
g a2 ! i
£ o8 o | AL 60
Eza —jk 'I& 50
g 2 e AV W a0
E 16 LT - =
= 12 ¥ £ & 0
| i 20
B ! ‘ » 5
i 1 ¥ aeil .
a 1‘ 1 gLy 10
0 . Y T . . 0
Oct Nev. Dec. Jan. Feb. Mar. Apr. May
M, Temp. Mn_ Temp. Sci Temp. Rel H :
Fig. 2:  Daily maximum, minimum, scil temperature and
relative  humidity during grewving season 1987-78
0
N | ' c (% Boll
5 " N [ Maox, Tomp L ciMin. Temp. 00
h ! i
g “ '
E
B 16|
2
E N
& 0 N
N
s | N l_':l
N
¢ Dec 30
Fig. 3:  Mean maximum, minimum and soil daily temperature

recorded during

wheat growing seaseon (1387-98)



Shad et al.: Modsling wheat emergence using temperature and photoperiod.

Table 1: Emergence date, day of growing season, days to seeding emergence and emergence rate of wheat planted on different dates.

Flanting date

Days of season at planting time

Ermergence date

Diays to emergence

Emergence rate

Oct. 15 5 Cct. 23 2 0125
Oet. 30 20 Mane. 11 12 0.083
M. 15 25 Maw. 28 13 0.077
Mo, 30 41 Dec. 14 14 0.071
Dec. 15 58 Jan. 1 17 0.055
Dec. 30 71 Jan. 18 19 0.053
Oct. 10 is considered as the first day of the planting season.

Table 2: Mean photoperiod duration, mean maximum, mean minimum and soil Emperature of the six planting dates.

Flanting date  Days to Temperature (*C) Sail Fhotwo period Myecoto period
EMErgence o e e e e e e e e e mmosmm oo e
Il aximurm hinirmum
Oet. 15 g 281 16.9 156.2 11.13 12.87
Oct. 30 12 266 11.2 10.3 11.66 12.34
Mowv. 15 12 23.3 7.8 6.3 10.25 12.75
Mo, 30 14 200 6.7 6.8 10.04 13.94
Dec. 15 17 17.8 3.4 4.7 0.98 14.02
Cec. 30 19 16.8 2.8 0.5 10.08 13.92

Table 3: Cumulative heat indices, photoperiod and combinatons of the parameters for the emergence periods of planting dates

Planting date Iean “ar =D Ch'
D1 D2 D3 D4 Db D&
Days g 12 13 14 17 19.0 13.8 12.5 3.5 265
C Trax 233 3159 303 280 303 3158.0 282.0 885.8 20.8 10.2
C Trrin 136 134 102 34 57 54.0 96.0 1048.3 32.4 33.7
C Taoil 122 123 g8z 85 g0 10.0 85.0 1427.2 37.8 44.3
CPhoto-p 100 128 143 151 180 202.0 1505 10842 3341 22.0
CMycto-p 116 160 193 209 252 278.0 2015 2045.8 54.3 26.9
C Taw 184 226 202 187 180 1846.0 194.4 254.8 16.0 8.2
CGoD 184 226 202 187 180 186.0 184.0 254.8 16.0 2.1
CEGDD 122 123 82 35 73 7.0 B3.6 1621.8 3%.0 46.6
CPP*Tx 2554 3383 3108 2813 3023 3213.0 a0z4.0 G8062.0 260.9 8.6
CMP*TN 1737 1781 1402 1312 789 7820 1289.0 166633.0 407.0 31.3
CTs*PP 1665 1645 1132 1322 1122 140.0 1166.0 245280.0 485 .3 42.9
CTa*PP 2368 3027 2783 2610 2524 2597.0 2651.0 43277.0 208.0 7.8
CTa*PF*FP 3047 4045 3824 3642 3535 3617.0 3619.0 B30347.0 306.0 8.4
CTa*Ta*PP 4853 5732 40855 3280 2606 2806.0 3865.0 13388856.0 1164.0 25.9
CTx*Tn 3456 3569 2184 1702 953 530.0 2139.0 1167336.0 1076.0 50.3
CTn>Y1 135 134 102 92 3z 45.0 90.0 1583.0 39.8 44.2
CTx*Tn>Y¥1 34896 3569 2184 1658 520 786.0 2035.0 1418288.0 1181.0 585
CTx*Tx G061 8501 G707 5382 5259 53595.0 §225.0 1279942 .0 1131.0 18.2
CTx*Tx+ Tn  S096 9527 4750 3203 1671 1670.0 4393.0 1045358.0 3233.0 G4.7
CTm=Tn+ 174 208 182 168 155 160.0 176.0 285.0 17.8 9.9
M Tx-Tn)

5D = Standard deviation

C Trimn= Curiulative daily riinirum terperature
CPhoto-F = Cumulative daily photoperiod

C Trax = Temperature maximum

CYW = Coefficient of variation CTmax = Cumulative daily maximum temperature
CTsoil= Curnulative daily soil ®mperature recorded at 15 cm depth at 8:00 A M.
CMyecot-F = Cumulative daily night period  CTaw= Curnulative daily average ternperatune
CG0D = Crop growing degres day
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and slowws dowven as the temperature decreases. Wwheat planted
later required more days to complete imbibition  and
metabolism of reserved food due to lovw termperature and thus
took more days to emergence than early planted crop. These
results agree with the findings of Shah (1885), Kevseroglu gt
&l (2000 who reported delay in emergence with decrease in
ternperature. Mean maximum, minimum, soil temperature and
photoperiod decreased wwith delay in planting from 15th
October to 30th December (Table 21, Howeewer, mean
nyctoperiod increased with delay in planting. Rate of
emergence decreased with delay in planting from 15th
October to 30th December [Fig 4. A significant linear trend
wwas observed when the emergence rate wwas regressed on
mean maximum air temperature and mean soil temperature
{Fig. B and Fig. &).

Different temperature indices including temperature,
photoperiod and nyctoperiod are presented in Table 2. The
coefficient of wariation used as a criterion for judging the
accuracy of parameters for predicting the emergence of wheat
is given in the last column. The coefficient of wariation showwed
that the product of mean temperature and photoperiod totaled
for emergence period is most appropriate for predicting
days to emergence of wheat (Fig. 7). Cumulative mean

ternperature, cumulative wvalues of the product of temperature
mean and photoperiod sguared, nyctoperiod, cumulative value
of the termperature maximurm and temperature minimurm abowe
3 "C. These indices are much better than wheat growing
degree days (W3EDD) and growwing degree day for cool seaseon
crops [(GDDC). Based on the results of this study, wwe have the
basis for a mechanistic tool to investigate the effect of
termperature and other indices on emergence. This studhy
enabled us to identify wehich factor limit emergence under
different temperature and other indices manipulated through
warious planting dates. This kind of modelling used for
predicting emergence could be used for adjusting a proper
time of planting accerding to different regions more
productively.
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